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PRICK THRESHOLD STIMULATION WITH SQUARE-WAVE CURRENT:
A NEW MEASURE OF SKIN SENSIBILITY
Threshold sensory stimulation of the skin has become the object of
increasingly intensive investigation since the classic report by Hardy, Wolff
and Goodell' on the pain threshold of thermal radiation. The literature on
the subject is rapidly becoming voluminous with interesting ramifications
appearing in many fields of medicine. More recently Cormia3 reported on
the itch threshold in experimental histamine pruritus and still more recently
Benjamin and Ivy' have described the flare threshold associated with the
pain of thermal radiation. The purpose of this communication is to report
studies on the prick threshold of the skin and its measurement with square-
wave stimulation.
In previous studies I have found' that threshold cutaneous sensory stimu-
lation could be achieved with square-wave current, a type which is essen-
tially interrupted, unidirectional, and produces repetitive impulses. The
frequency, duration, and strength of the impulses are regulated by the
square-wave stimulator to provide threshold stimulation. It was also found
that the size of the active electrode must be adequate (about two inches
square) to cover a sufficient number of sensory units in order to produce
consistent responses; and in person-to-person comparisons the same body
site should be stimulated, since sensory responses are not uniform over
the body.
Bishop2 has shown that the prick fibers of the skin are highly versatile,
mediating sensations which vary in quality from tactile and pressure sensa-
tions to frank pain, depending upon the intensity of the electrical stimula-
tion; also that prick fibers have a lower threshold to electrical stimulation
than those of touch fibers. It is thus clear that minimal electrical stimulation
of the skin is necessarily prick threshold stimulation and that the resulting
responses are the weakest mediated by the prick fibers.
In attempting to measure and standardize the prick threshold of the skin
the chief problems were:
* This work was aided by a grant from the G. H. Knight Memorial Fund, Yale
University School of Medicine.
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1. To determine the relationship of each of the three parameters, fre-
quency, voltage, and impulse duration, to threshold responses
2. To choose a standard threshold response, and
3. To evolve an accurate method of measuring the prick threshold with
the three parameters.
APPARATUS
In the present investigation a Model S-4 Grass Square-Wave Stimulator was
employed (Fig. 1) to which was connected a calibrated oscilloscope. The apparatus
itself was accurately calibrated to within + 5% accuracy for each parameter and was
a much more efficient machine than was used in the earlier studies. It differed also
from the apparatus previously used in that impulse duration could be read directly
from the dial setting and was not a function of the frequency setting. However, care
had to be taken not to exceed the 50% duty cycle* in order to insure calibration
accuracy. In this apparatus the frequency range was from 1 cycle per 10 seconds to
10,000 cycles per second (cps.); voltage range was from 0.15v to 150v peak; and
impulse duration ranged from .01 milliseconds (msec.) to 1000 msec.
The active electrode consisted of a curved EKG arm electrode measuring 1X2 by 2
inches and padded with saline-moistened gauze. The indifferent electrode consisted of
a large piece of lead-tin material similarly padded.
TECHNIQUE
The subject is placed on an examining table, relaxed and supine. The active electrode
is applied to the normal skin of the volar surface of the upper forearm, where hair is
minimal, and kept in place with the wide perforated rubber band that is customarily
used with the EKG electrode. Very little tension is applied to the rubber band so as
not to crease or depress the skin. The frequency and impulse duration parameters may
be set for any desired reading while voltage is adjusted below the estimated sensory
threshold. Voltage is then rapidly increased (about one volt per sec.) until sensation
is perceived by the subject. Next, the voltage is decreased until sensation disappears,
and increased again-this time more slowly to ascertain the minimal voltage required
to produce threshold sensation. The minimal values for frequency and duration may
be determined in the same manner.
INTERRELATIONSHIP OF IMPULSE DURATION, FREQUENCY, VOLTAGE, AND
THE THRESHOLD RESPONSE
This portion of the study was based on prick threshold measurements
taken on approximately 100 subjects, mostly patients attending the Grace-
New Haven Community skin clinic but including some medical students,
nurses, physicians, and the author. The subjects were asked to report the
* The duty cycle is one complete cycle from make to make, the duration of which
depends upon the frequency. Thus, for example, if frequency is set at 200 cps., then
there is a 5 msec. period between pulses and the duration should not exceed 2.5 msec.
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FIG.X1. Square-wave stimulatorad oscillosce..
FIG. 1. Square-wave stimulator and oscilloscope.
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slightest sensation or sensation they could "just barely feel" as soon as it
was perceived, and on these reports, plus the author's own observations,
was based the description of the responses. Although these measurements
TABLE 1. MINIMAL THRESHOLD VOLTAGE READINGS AND RESPONSE IN A WIDE
RANGE OF FREQUENCIES AND IMPULSE DURATIONS IN AN
INDIVIDUAL (AUTHOR).
At 10 msec. impulse duration, burning threshold response was produced at
each frequency. At 0.1 msec. impulse duration, burning threshold response
began at about 1000 cps. With 0.01 msec. impulse duration, burning re-
sponse began at about 500 cps. Minimal threshold voltage was almost steady
above 1 msec. impulse duration and began to climb below 1 msec. impulse
duration, rising sharply at 0.01 miec. impulse duration. At frequencies below
10 cps., the response was tapping to pulsating; from 50 cps. to 500 cps.,
vibratory to prickly; above 500 cps., burning.
Frequency Duration Response to shock Volts
1/10/sec. 10/ms. Tapping, burning 9
1/sec. " Tapping, burning 9
10/sec. " Pulsating, burning 8.5
50/sec. " Vibrating, burning 8.5
1/10/sec. 1/ms. Tapping 9
1/sec. " Pulsating 9
10/sec. " Pulsating 8.25
50/sec. " Vibrating, prickly 8
100/sec. " Vibrating, prickly 7
500/sec. " Vibrating, prickly 7.75
1/10/sec. 0.1/ms. Tapping 21
10/sec. " Pulsating, light prick 21
50/sec. " Vibrating, light prick 20
500/sec. " Vibrating, light prick 20
1000/sec. " Vibrating, burning 10.5?
5000/sec. " Burning 25
1/10/sec. 0.01/ms. Tapping 53
10/sec. " Pulsating 47
50/sec. " Vibrating, light prick 45
500/sec. " Burning 45
5000/sec. " Burning 57
10,000/sec. " Burning 47.5
were carried out under ordinary clinic conditions, no difficulty was encoun-
tered because of this circumstance. The patients were able to concentrate
well, although they occasionally failed to report the initial sensation because
they were waiting for more intense stimuli, or sometimes reported sensa-
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tions when no stimulus was being delivered. With experience these errors
were easily recognized and rectified.
Threshold responses. Three general types of threshold responses were
elicited: (i) tapping, (ii) vibrating, and (iii) burning. Each of these was
elicited within certain limits of frequency, duration, and voltage (Table 1).
Effect of frequency. With frequencies of 1 cycle per 10 secs. to 10 cps.
(and impulse duration less than 10 msec.)
soI
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FIG. 2. Frequency plotted with voltage from three
sets of readings with impulse duration at 1 msec.,
0.1 msec., and 0.01 msec. This illustrates the slight
influence of frequency and the great influence of
impulse duration on minimal threshold voltage.
responses were tapping to
pulsating, tactile in char-
acter. These sensations
correspond to the tactile
and contact responses to
single electrical stimuli of
the prick fibers described
by Bishop.! Frequencies
above 50 cps. produced
sensations described as
vibrating, pressure sensa-
tion, fuzzy, tickling, or
slightly pricking. Thesevi-
bratory sensations merged
into burning sensations
above certain frequencies
as influenced by impulse
duration.
Effect of duration. With
impulse duration at more
than 10 msec., the re-
sponse was invariably one of burning, even with the lowest frequency. At
1 msec. vibrating responses were perceived up to 500 cps. (the limit set by
the 50%o duty cycle). With 0.1 msec., vibratory responses were perceived
up to about 700 cps., and with 0.01 msec., up to 300 cps., above which
burning developed.
Effect of voltage. The quality of the threshold responses was not affected
by the voltage, its effect being entirely quantitative. If the voltage was below
threshold, there was no response. Above threshold, increasing voltage pro-
duced prick-pain with an after-discharge of burning. Still higher voltages
produced greater discomfort and muscular contractions.
Minimal voltage was slightly higher with very low frequencies (produc-
ing tapping, pulsating responses) than with higher (vibratory) frequencies,
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becoming erratic with burning responses. When voltage is plotted with fre-
quency (and duration is constant), a horizontal curve is produced which is
slightly raised at the start, almost flat in the center, and ends with erratic
changes (Fig. 2).
However, minimal voltage was profoundly affected by impulse duration,
rising rapidly as duration decreased. Voltage plotted with duration (fre-
quency constant) produces a hyperbola (Fig. 3).
Choice of threshold response. Burning responses were eliminated in the
choice of a standard type of response because of (i) the erratic character of
the threshold, (ii) the after-discharge which prevented immediate restimu-
lation, and (iii) the development of erythema at the site of the active elec-
trode after short periods of stimulation. The vibratory response was selected
in preference to the tapping-pulsating type of response because measure-
ment of the latter was more time-consuming.
In order to further standardize the response it was necessary to employ
the same frequency for all readings. The frequency of 50 cps. was selected
because it permitted the use of impulse duration from 0.01 msec. to 10 msec.
within the 50%'o duty cycle, higher frequencies not being as flexible.
METHODS OF MEASURING PRICK THRESHOLD
Rheobase-chronaxie and strength-duration methods. When minimal
voltage is plotted with impulse duration (frequency being constant), a
typical curve is obtained (Fig. 3). This curve is analogous to the curve of
excitability commonly recognized by physiologists as derived from thres-
hold stimulation of nerve or muscle tissue. Lapicque' based his original
measurements of rheobase and chronaxie on this universal curve of excit-
ability. By definition, rheobase is the lowest voltage which will produce
stimulation of excitable tissue, below which no response is obtained even
with infinite duration of the stimulus. Chronaxie is defined as the duration
of stimulus necessary to produce a threshold response with twice the
rheobase voltage.
The rheobasic voltage or galvanic threshold is readily obtained on this
square-wave stimulator by tripping the DC switch which automatically
shuts off square-wave current while turning on galvanic current. The
voltage is set below the estimated threshold and then gradually increased
until the subject perceives the initial sensation. This is usually reported as a
burning, pricking, itching, or tapping sensation. The minimal voltage read-
ing is the rheobasic voltage. Chronaxie is obtained by setting voltage at
twice that of rheobase and selecting the minimal impulse duration to obtain
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the vibratory threshold response (frequency at 50 cps.) with square-wave
current.
The other obvious way of measuring prick threshold levels is to select a
constant frequency and duration and to measure the minimal voltage pro-
ducing threshold sensation. With 50 cps. frequency, minimal voltage could
thus be measured at 10 msec., 1 msec., 0.1 msec., or 0.01 msec. duration
(strength-duration method).
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FIG. 3. Minimal threshold voltage FIG. 4. Graphic illustration of the rela-
plotted with impulse duration (frequency tionship of Rheobase (R), Chronaxie
at 50 cps.) from five sets of readings. (Chr.), and minimal threshold voltage at
With impulse duration below 1 msec., 0.01 msec. (V. 1). The curve of excitabil-
voltage begins to rise. This rise becomes itybecomes critical with impulse durations
very sharp at impulse duration below below 1 msec. Both 2R and V. 1 readings
0.1 msec. fall on the critical portion of the curve.
Rheobase-chronaxie. The use of two separate readings, rheobase and
chronaxie, was felt to be less desirable than a single figure to represent
prick threshold measurement. Lassalle7 has proposed the reciprocal of rheo-
base2 x chronaxie as an "index of excitability" of tissues. It was soon found
feasible to employ this formula and to express the prick threshold in terms
of the index of excitability. One hundred ninety-seven readings on 177 sub-
jects were taken over a period of six months with the rheobase-chronaxie
method described above, and the index of excitability determined with
Lassalle's formula. As a result of these readings it was found that the gal-
vanic threshold was not always satisfactory for determining rheobasic
voltage. With a threshold response of burning, the minimal voltage deter-
mination was often erratic, and because the stimuli were necessarily single,
the voltage was frequently higher than with repetitive stimuli at 10 msec.
150
Volume 26, November 1953Prick threshold stimulation with square-wave current I SIGEL
or even 1 msec. impulse duration. Usually minimal voltage differs only
slightly between galvanic rheobase and voltage at 10 msec. duration and any
significant differences were felt to be due to the erratic nature of the gal-
vanic rheobase. For these reasons the minimal voltage at 10 msec. impulse
duration was adopted as the rheobase value for prick threshold measure-
ments. To date more than 150 readings on almost as many subjects were
TABLE 2. PRICK THRESHOLD MEASUREMENTS IN TEN NORMAL INDIVIDUALS
ILLUSTRATING THE METHOD OF DERIVING THE INDEX OF EXCITABILITY
Rheo. - rheobase, minimal voltage at 10 msec. duration; Vi - minimal
voltage at 1 msec. duratoin; V. 1 - minimal voltage at 0.1 msec. duration;
Chr. - chronaxie, minimal duration at twice rheobasic voltage; I.E. - index
of excitability derived from the formula C Rh' x Ch
Case no. Rheo. Vi V. 1 Chr. I.E.
1 6.5 6.5 10.5 0.05 0.4
2 3.5 3.5 9 0.15 0.5
3 4.5 6.5 13 0.15 0.3
4 4 8 14 0.2 0.3
5 6 6 11 0.085 0.3
6 10 10 12 0.03 0.3
7 3.5 6 9 0.2 0.4
8 4 7.5 14.5 0.3 0.2
9 8 8 11.5 0.05 0.3
10 5 5 7 0.055 0.7
taken with this method with greater accuracy and reliability than was
formerly achieved.
Strength-duration. At the same time that the above readings (with both
types of rheobase) were taken, threshold voltage measurements on many
of the same subjects were also made at 1 msec. and 0.1 msec. durations.
Correlations were sought between strength-duration, rheobase, chronaxie,
and the index of excitability. The only correlation which was found was
between the voltage at 0.1 msec. and the index of excitability. This could be
expressed by taking the reciprocal of half the minimal voltage at 0.1 msec.
(V. 1) squared times 0.1:
1 1
(V. 1)2 x 0.1 equivalent to Rh2 xCh = I.E.
The values expressed by both formulae coincided very closely.
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The explanation for this appears on examination of the curve of excit-
ability (Fig. 4). The minimal voltage at 1 msec. duration falls on the flat
portion of the curve and is often the same as at 10 msec. duration. The
minimal voltage at 0.1 msec. falls on the arched portion of the curve where
changes in voltage are commensurate with changes in duration. The twice
rheobase voltage also falls on this portion of the curve where, conversely,
duration varies commensurately with voltage. Frequently, the twice rheo-
basic voltage was found to be the same as voltage at 0.1 msec. with
chronaxie also coinciding at 0.1 msec. Both sets of measurements thus serve
to double check each other.
In order to determine the index of excitability for each subject, readings
are taken at the following settings of the apparatus:
1. Frequency at 50 cps.
2. Minimal voltage determined at 10 msec. impulse duration (rheobase)
3. Minimal voltage determined at 1 msec. impulse duration
4. Minimal voltage determined at 0.1 msec. impulse duration
5. Minimal duration determined at twice rheobasic voltage (chronaxie)
(With these readings one may actually plot a curve of excitability for each
1
individual.) The index of excitability is computed by the formula Rh2 XCh
1
and is checked by the formula (V. 1)2 x 0.1. Table 2 shows the readings
2
taken on 10 normal subjects to illustrate this method.
THE INDEX OF EXCITABILITY IN NORMAL PERSONS
The index of excitability of the skin was determined in 55 normal persons
with the above method. The subjects consisted of medical students, nurses,
and physicians with normal skin who were apparently normal physically.
The index in this group ranged from 0.1 to 0.8 with 78% falling between
0.1 and 0.4 (Fig. 5). The average and the mean were both 0.3, with a
standard deviation of 0.18 and standard error of .023.
DISCUSSION
Although much has been written on muscle and nerve chronaxie, I have
been unable to find any reference in the literature concerning cutaneous
sensory chronaximetry. Davis and Forbes' in a comprehensive review of
chronaxie emphasize the arbitrary and empirical nature of this measure-
ment and stress the importance of a standardized rheobase. For these
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reasons it was felt that the shift of rheobase in these studies from the gal-
vanic threshold to the prick threshold at 10 msec. impulse duration was
justified, inasmuch as the readings were more dependable at the latter
setting.
The measure of cutaneous sensibility with square-wave stimulation
evolved in this study may have wide clinical usefulness. Richter8 has
described the relationship
of the electrical resistance 20
of the skin to psychic,
emotional, and organic dis-
turbances. Although it was 15
not found necessary to
measure electrical resist-
ance per se in determining .
the index of excitability,
it is obviously an import- J
ant contributory factor in i
the electrical measure- O
ments. Other avenues of .l
usefulness for prick thres-
hold measurements are in-
dicated in the work of _ L 3 D . . .* . 1.0
Hardy and his associates IrNID ow OF%CrABnxTY
on pain thresholds, for FIG. 5. Histogram of the index of excitability of
prkthresholds and pain 55 normal persons. The average I.E. is 0.3 and prick thresholds and paln ranges from 0.1 to 0.8.
thresholds may be ex-
pected frequently to exhibit similar patterns of measurement. Furthermore,
Benjamin and Ivy,' who showed relationship between the flare threshold
and neoplastic and organic diseases, cite the possibility of cutaneous sensory
axon stimulation to account for the underlying mechanism of their observa-
tions. This may prove a fruitful field for prick threshold measurements.
Whether this new electrical measure of skin sensibility will provide a more
accurate or more versatile biometric standard than previous methods will
depend on the results of further studies. This much may be said for it at
present, that it is a simple method, inexpensive, and of high reliability.
SUMMARY AND CONCLUSIONS
1. Prick threshold stimulation with square-wave current was studied by
investigating the interrelationship of frequency, voltage, impulse duration,
and the response.
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2. A method of measuring prick threshold was evolved in which a con-
stant frequency was employed (50 cps.) to produce a "vibratory" response
at various levels of minimal voltage and impulse duration.
3. Plotting the relationship of minimal voltage to impulse duration pro-
duced a curve of excitability of cutaneous stimulation. This led to the
employment of rheobase and chronaxie measurements and to the adoption
of the reciprocal of rheobase2 x chronaxie as an index of excitability.
4. A similar index was found by taking the reciprocal of the square of
half the voltage at 0.1 msec. duration x 0.1. Both indices concide closely
and serve to check each other.
5. In 55 normal persons the index ranged from 0.1 to 0.8 with 78%o of
the readings between 0.1 and 0.4. The average and the mean were both
at 0.3.
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